We performed the first evaluation of a DNA strip assay (GenoType blood culture; Hain Lifescience, Nehren, Germany) for the detection of the most relevant bacterial sepsis pathogens directly from positive BACTEC blood culture bottles (Becton Dickinson, Heidelberg, Germany). The test comprises two panels, one for the direct species identification of important gram-positive cocci and the other for gram-negative rods. Additionally, detection of the mecA and the van genes are implemented. The GenoType assay was validated regarding its analytical sensitivity with blood cultures spiked with reference strains. Approximately 10 4 CFU per ml were detected. Analytical specificity was calculated with a test panel of 212 reference strains. Of the strains tested, 99% were correctly identified. Additionally, 279 consecutive blood cultures signaled positive by BACTEC were processed directly, in comparison to conventional methods. The GenoType assays were performed according to Gram stain morphology. A total of 243 (87.1%) of the 279 organisms isolated were covered by specific probes. A total of 152 organisms were gram-positive cocci, of which 148 (97.4%) were correctly identified by the GenoType assay. Ninety-one organisms were gram-negative rods, of which 89 (97.8%) were correctly identified. Concerning mecA gene detection, GenoType assay correctly detected 12 of 13 methicillin-resistant Staphylococcus aureus isolates. One Enterococcus faecium isolate with a positive vanA gene isolated was correctly differentiated by the assay. All results were available 4 h after the results of microscopic analysis. The evaluated GenoType blood culture assay showed fast and reliable results in detecting the most important sepsis pathogens and the mecA and van genes directly from positive blood culture bottles.
Detection of bacterial isolates in blood cultures of septicemic patients plays an important role in diagnostic microbiology, due to high rates of patient morbidity and mortality (18) . The positive impact of rapid reporting of bacterial pathogens on patient outcomes and hospital costs have been previously stated (3, 4, 21) . Automated, continuous monitoring blood culture systems marked a significant advance in reducing detection time (11, 16, 22, 23) . But rapid identification (ID) of the bacterial pathogen also facilitates earlier and appropriate therapy (15) . Several nucleic acid-based methods for detection of various bacteria have been published, including direct in situ testing with a fluorescence in situ hybridization technique using fluorescent peptides and oligonucleotides and chemiluminescent RNA-DNA hybrid tests or AccuProbe (8, 9, 13) . PCRbased techniques have been published that use membranes of blotted hybridization probes or real-time PCR assays (1, 7, 26) . Recently, a new DNA strip assay was developed (the GenoType blood culture), designed for detection of the most relevant bacterial sepsis pathogens from positive blood cultures. The GenoType assay consists of two different panels, one designed for the ID of gram-positive cocci and one designed to ID gram-negative rods. Therefore, a Gram stain result is required. The first panel comprises DNA probes for the direct species ID of gram-positive cocci, including Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus hae-
molyticus, Staphylococcus hominis, Staphylococcus simulans, Staphylococcus warneri, Enterococcus faecium, Enterococcus faecalis, Enterococcus gallinarum, and Enterococcus casseliflavus. Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus agalactiae, and
Streptococcus dysgalactiae can be differentiated to the species level; several other streptococci can be differentiated as groups. Due to the impact of methicillinresistant S. aureus (MRSA) and vancomycin-resistant enterococci on therapeutic regimes, the detection of mecA and the van genes are also part of the assay (2, 5) . The second panel comprises gram-negative rods including Escherichia coli, Enterobacter species (E. aerogenes, E. cloacae, and E. sakazakii), Proteus mirabilis, Klebsiella oxytoca, Klebsiella pneumoniae, Serratia marcescens, important Salmonella serovars, Citrobacter species (C. braakii, C. freundii, and C. koseri), Haemophilus influenzae, Pseudomonas aeruginosa, Acinetobacter baumannii, and Stenotrophomonas maltophilia. The main objective of this study was to evaluate the accuracy of the assay to identify bacterial organisms directly from positive blood culture bottles. The results of the GenoType assay were compared to those obtained by conventional phenotypic methods.
For determination of analytical sensitivity of the test, the following strains were used: E. coli ATCC 25922, S. aureus ATCC 25923, S. pneumoniae ATCC 33400, and S. epidermidis ATCC 35547.
The GenoType test is designated for use with positive blood cultures bottles with a Gram stain positive for bacteria. A total of 279 positive BACTEC 9240 blood cultures containing 99 gram-negative rods and 180 gram-positive cocci were collected consecutively from samples of patients with bloodstream infections that were received from several hospitals for routine diagnostic evaluation. Only specimens from patients for which blood culture differentiation had been requested were considered. No extra blood samples from individuals were taken for evaluation purposes. All bottles with bacteria visible by Gram staining were used, and no preselection was done. The GenoType assay for the ID of grampositive organisms and the assay for ID of gram-negative bacteria were performed according to the result of the Gram stain. Results of the DNA-based method were compared to routine conventional diagnostic procedures.
Phenotypic ID. Bacterial isolates from positive blood culture media were subcultured on Columbia blood agar, chocolate agar, and MacConkey agar (all from Oxoid, Wesel, Germany) prior to being tested and incubated at 35°C for 24 h under aerobic conditions or with a 5% CO 2 atmosphere, respectively. For conventional gram-negative ID, the VITEK 2 GN card (bioMérieux, Marcy l'Étoile, France) and API systems (Api NH, Api 20 E, and Api 20 NE) (bioMérieux) were used. For gram-positive cocci, the VITEK 2 ID-GP card and Api systems (ID 32 Staph, Api 20 Strep, and Api Rapid ID 32 strep) were used. For S. aureus, the Slidex Staph Plus (bioMérieux) and coagulase test (bioMérieux) were also used. For S. pneumoniae, optochin, bile solubility, and latex agglutination (bioMérieux) tests were performed, and identification of beta-hemolytic streptococci was determined according to Lancefield's serology.
Antimicrobial susceptibility testing. S. aureus isolates were tested for oxacillin susceptibility with a VITEK 2 AST P 536 card and oxacillin screening agar (Becton Dickinson, Heidelberg, Germany). Final confirmation of the presence of the mecA gene and the ID of S. aureus and S. epidermidis were performed with the GenoType MRSA assay (Hain Lifescience). For other coagulase-negative staphylococci (CoNS), oxacillin resistance was tested by VITEK 2 and agar diffusion tests with a 1-g oxacillin disk on Mueller-Hinton agar supplemented with 2% NaCl, according to CLSI (formerly NCCLS) guidelines (12) . Vancomycin and teicoplanin susceptibility testing was performed with VITEK 2 and Etest (AB BIODISK, Solna, Sweden). All phenotypic results were interpreted as sensitive (S), intermediate (I), and resistant (R) by utilizing CLSI performance standards (12) . Detection of van genes was performed with the GenoType Enterococcus assay (Hain Lifescience).
GenoType blood culture DNA extraction and amplification. To process the reference strains, five bacterial colonies grown after overnight incubation were picked and suspended in 150 l of distilled water. Bacterial DNA was released by a 15-min heating step at 95°C in a dry incubator and a 15-min sonication. The assay was performed according to the manufacturer's instructions. For processing of positive-testing blood cultures, 20 l of the blood culture medium was spotted onto a special membrane device (GenoCard; Hain Lifescience). After a drying step of 15 min at 37°C, a punch of 1 mm in diameter was transferred directly into the 40-l PCR mixture containing 2.5 mM MgCl 2 and 1 U Taq polymerase (Eppendorf, Hamburg, Germany). Amplification was done as follows: denaturing for 15 min at 95°C; 10 cycles, each consisting of 95°C for 30 s and 58°C for 120 s; an additional 20 cycles, each consisting of 95°C for 25 s, 53°C for 40 s, and 70°C for 40 s; and a final extension at 70°C for 8 min.
Hybridization protocol. The DNA strips contain a set of immobilized oligonucleotides, which are responsible for specific binding of the appropriate biotinylated amplicons derived from the PCR amplification. After a colorimetric staining procedure, the resulting band pattern can be evaluated by eye. Hybridization and detection were carried out with an automated washing and shaking device (Profiblot; Tecan, Männedorf, Switzerland). Twenty microliters of the amplification products was mixed with 20 l of denaturing reagent (provided with the kit) for 5 min. After addition of 1 ml of prewarmed hybridization buffer, the membrane strips were added to every trough. Hybridization took place at 45°C for 0.5 h, followed by two washing steps. For colorimetric detection of hybridized amplicons, streptavidin-conjugated alkaline phosphatase and the appropriate substrate were added. After final washing, the strips were air dried and fixed on a data sheet. Evaluation was done according to the interpretation table provided.
Data analysis. The developed lines on the strip were evaluated by eye with a template provided with the kit. All individual steps (DNA isolation, DNA amplification, and hybridization) are monitored by a universal internal control to improve the reliability of the test. This internal control uses primers and a probe targeting a conservative part of the bacterial genome. When faint bands occurred, the intensity of the universal control band was used for evaluation of the strip. Only bands with a color intensity equal or greater than that of the control band were considered positive. Analytical sensitivity and specificity were calculated with defined reference strains obtained from different culture collections (i.e., ATCC, NCTC, RKI, LIM, and DSMZ). sensitivity, a suspension equivalent to a 0.5 McFarland standard from each of the strains tested was adjusted. Serial dilutions (10 Ϫ1 to 10 Ϫ9 in sterile saline) were pipetted. A total of 900 l from a BACTEC 9240 blood culture bottle containing 5 ml of sheep blood was spiked with 100 l of these bacterial suspensions. The GenoType assay was applied to a dilution series of every single blood culture sample spiked with the individual bacteria. The bacterial load (the number of CFU per milliliter) in each blood culture was calculated by the number of CFU counted on Columbia blood agar plates after overnight incubation.
To determine analytical specificity, the GenoType ID for the species was considered correct when the band pattern was in agreement with the interpretation chart. Gram-positive or -negative bacteria not belonging to species defined by the interpretation chart were considered correct in case of a positive universal control. Evaluation of the performance of the GenoType assay with positive blood cultures was performed in comparison to routine culture results and biochemical ID. The band patterns on the developed strips specific for each species and resistance GenoType were compared to conventional microbiology results. In case of discrepancies, the isolates were subjected to 16S rRNA sequencing. Amplicons derived from a PCR amplification with bacterial specific primers AGAGTTTGATCATGGCTCAGRWYGAACG (E. coli positions 8 to 28)and CGTATTACCGCGGCTGCTGGCACG (E. coli positions 515 to 528) were directly sequenced on an ABI PRISM 310 automated sequencer (Applera, Weiterstadt, Germany). For amplification, the same amplification conditions for the GenoType assay were used. 16S rRNA gene data were blasted to public databases of National Center for Biotechnology Information (Bethesda, Md.).
RESULTS

Validation of the GenoType assay with reference strains.
Analytical sensitivity was determined with dilution series of BACTEC 9240 media (including sheep blood) spiked with different bacterial reference strains. The detection limit of the GenoType assay was calculated for E. coli ATCC 25922 to be 1.2 ϫ 10 4 CFU/ml, for S. aureus ATCC 25923 to be 1.4 ϫ 10 4 CFU/ml, for S. pneumoniae ATCC 33400 to be 4.6 ϫ 10 4 CFU/ ml, and for S. epidermidis ATCC 35547 to be 3.2 ϫ 10 4 CFU/ml. The GenoType assay was evaluated with 212 defined reference strains of different culture collections (ATCC, DSMZ, and RKI) and from routine samples. A total of 143 of these strains were expected to give a positive result with specific hybridization probes available on the test stripe (Table 1) . Sixty-nine strains tested were expected to give a negative result (Table 2) . A universal bacterial probe was available for use with the assay in this case. PCR and subsequent hybridization of the isolates were performed with DNA isolated from bacterial cultures on agar plates. Of the strains expected to give a positive result, 91 were gram-positive bacteria, and 52 were gram-negative bacteria. Regarding gram-negative reference strains, 50 isolates tested were in agreement with the predicted hybridization profile, except for two H. influenzae isolates not being identified; the same result was obtained when the assay was repeated. One routine isolate with the result K. pneumoniae from the VITEK 2 GN card showed the typical band pattern of K. oxytoca seen with the GenoType assay. K. oxytoca was confirmed by 16S sequencing and also by VITEK 2 after being retested. All staphylococcal reference strains showed the correct species-specific hybridization pattern. For MRSA, the mecA gene was correctly detected in all strains tested. All 32 enterococcal species and the respective van-associated resistance genes were correctly differentiated. Thirty-four challenge strains of streptococci showed the correct hybridization profile, as predicted by the assay. Of the 69 strains expected to be negative by the GenoType assay, a positive signal was only produced with the universal bacterial control and was therefore considered to be correct. Tables 3 and 4 . Hybridization examples are shown in Fig. 1 . For 243 (87.1%) of the 279 organisms isolated, specific hybridization probes were available with the assay. A total of 91 of these 244 isolates were gram-negative rods and 152 were gram-positive cocci. Of the gram-negative rods, 89 (97.8%) of 91 were correctly identified by the assay. One E. coli isolate produced no hybridization pattern with DNA extracted from blood culture. Retesting with DNA derived from bacterial agar culture material of this isolate revealed a positive result. One E. aerogenes isolate was reported to be K. pneumoniae by the GenoType assay. The result by conventional microbiological methods was confirmed by 16S rRNA gene sequencing. One isolate identified as E. coli by VITEK 2 was reported to be S. marcescens by the GenoType assay. 16S rRNA gene sequencing confirmed the S. marcescens result in this case. One isolate reported as K. oxytoca by VITEK 2 was negative by the GenoType assay, although a specific probe was available. The reference method 16S rRNA sequencing identified this isolate as Pantoea agglomerans. For this species, no specific probe with the GenoType assay was available.
Of the 152 gram-positive cocci, 148 (97.4%) were correctly detected by the GenoType assay and in close agreement with conventional microbiological methods. Detection of one S. aureus, one Streptococcus bovis, and two S. epidermidis cultures failed by PCR amplification and were negative by the internal control. All the four species negative in direct testing of blood cultures gave a positive signal when retested from pure agar culture.
When oxacillin resistance was evaluated, 13 S. aureus isolates were resistant by conventional susceptibility testing methods. With 12 of the S. aureus isolates, the GenoType assay correctly detected the mecA gene. For one isolate, no ID or mecA hybridization signal was visible. A total of 38 of the CoNS isolated showed oxacillin resistance by conventional methods. The GenoType assay showed a positive mecA gene in 37 of these cases; 1 isolate was missed and showed no band pattern. Of 37 CoNS isolates shown to be oxacillin susceptible by VITEK ) ; and Pseudomonas putida (1 isolate). All gave a valid result with the universal bacterial control and were therefore considered to be correctly identified.
DISCUSSION
We performed the first evaluation of a new DNA-based assay, the GenoType blood culture, for the detection of the most important sepsis-relevant pathogens (24) directly from blood cultures. The test comprises two panels, which were performed according to Gram stain morphology, one for the differentiation of gram-positive bacteria and one for gramnegative bacteria. The analytical sensitivity of the blood culture assay of approximately 10 4 CFU per ml blood culture was proven to be high, considering that the number of organisms that can reliably be detected microscopically is about 10 5 CFU/ml (20) . In terms of analytical specificity, when pure cultures of 212 defined reference strains were tested, 99% were identified correctly. Two reference strains of H. influenzae showed a negative result with the appropriate probe. Direct amplicon sequencing showed genetic variations in the targeted region (Hain Lifescience, personal communication).
The performance of the GenoType assay was evaluated for 279 bacterial isolates from positive blood cultures. With regard to species ID as defined by an interpretation chart provided with the kit, 97.4% of the gram-positive cocci and 97.8% of the gram-negative rods isolated were correctly differentiated. For gram-negative organisms, one E. aerogenes strain was misidentified as K. pneumoniae. Sequencing of the GenoType targeting region revealed an atypical species with a sequence variation in this case. Intraspecific variants of species involved in sepsis pathogenesis were also reported by other authors (1) . One E. coli isolate and 4 gram-positive cocci failed with PCR amplification. Colonies picked from an overnight agar culture of these blood culture specimens retested by the GenoType assay led to a positive and correct result. Therefore, sequence variations were excluded in these cases. Missing amplification may be due to inhibition or amounts of bacteria in the liquid culture that are too small. The universal bacterial amplification controls showed a weak or missing signal, which supports this thesis, but we did not clarify the exact reason. An additional factor concerning the higher number of gram-positive cocci negative by the assay is the lower efficiency of DNA release for the mechanically robust cell wall (17) . The GenoType blood culture assay allows the detection of the important van and the mecA genes (2, 5). Prevalence of MRSA among the S. aureus isolates was 25% in this study. One of 13 MRSAs was missed by GenoType assay. When the assay was repeated with agargrown colonies, the MRSA was clearly identified. Some authors have reported difficulties for detection of mecA gene of CoNS other than S. epidermidis (25) . We observed a high correlation between the GenoType assay and phenotypic results generated by VITEK 2 for S. epidermidis and also for CoNS (other than S. epidermidis). Concerning VITEK 2, other authors have also published reliable results for oxacillin resistance testing with CoNS generally (6) . There was only one isolated E. faecium isolate that was resistant to vancomycin. The GenoType assay clearly identified the correct species and the vanA gene.
Evaluation studies for DNA-based differentiation of bacterial cultures with the technique of reverse hybridization are published with satisfying results. The tests can be easily implemented in a routine laboratory setting (14, 19, 25) . The hybridization process, as performed in our evaluation, runs on a "walk away" device and only needs the reagents set up and the strips prepared. Handling requires only a few manual steps, and results are generated in 4 to 5 h. The range of organisms can easily be expanded by the addition of new probes to the strip. The test procedure is batched, and standardized hybridization conditions allow parallel performance of this test with other GenoType assays (19) . The amount of hands-on time for the GenoType assay is very competitive, compared to real-time systems for the differentiation of bacteria derived from blood cultures. A real-time approach would require more singleamplification reactions or a stepwise approach, as described by Wellinghausen et al. (26) , because until now this technique could not cover a high-throughput multiplex assay format like the GenoType test system (i.e., 15 probes for the gram-negative panel and 24 probes for the gram-positive panel). Costs for the thermocycler and hybridization device are 25% to 50% of the price of real-time equipment. The price per test strip (gram positive or gram negative) will be in the range of the GenoType series for identification of mycobacteria (ca. 15 Euros) (D. Hain, personal communication). The hybridization device is an open system; therefore, room separation is required, as it is recommended for DNA analysis. To monitor possible carryover events, a negative control was implemented in every run.
A DNA extraction procedure for direct amplification of bacterial DNA from clinical specimens, particularly from blood culture media, is crucial. The method should be successful in removing PCR inhibitors and concentrating DNA and should prove its applicability to routine diagnostic work (10, 17) . The method first introduced with the GenoType kit is very easy to handle and is time efficient. It comprises one pipette step of a 15-l blood culture solution on a special membrane (GenoCard; Hain Lifescience) and an incubation step of 15 min at 37°C until dried. A punched piece of the membrane, 1 mm in diameter, can be directly inserted into the PCR mixture. In some cases, we observed cross-contamination between samples. Therefore, a cleaning procedure (by taking two punches on a clean area of the card) is recommended.
The evaluated GenoType blood culture assay showed precise results in detecting the most important sepsis pathogens and mecA-and van-associated antibiotic resistance. The assay provides easy handling, due to the fixation of all detection probes on one paper strip, and simple workflow with an automated device. 
